Congenital toxoplasmosis in humans is a serious, sometimes fatal, disease which is frequently associated with ocular abnormalities and psychomotor retardation. Ocular toxoplasmosis is an important cause of blindness and visual handicap in young people. Ocular toxoplasmosis is a leading cause of posterior uveitis and is considered a result of congenital infection although several cases of acquired ocular infection has been reported.
Human infection with the parasite Toxoplasma gondii occurs by either the congenital or the acquired route. The acquired disease is caused usually after the ingestion of oocysts or tissue cysts and almost all cases are asymptomatic.5 However, acquired toxoplasmosis contracted during pregnancy may lead to congenital infection of the fetus. Once maternal immunity has developed, it is believed that all future pregnancies in immunocompetent women are protected from contracting congenital toxoplasmosis.
Congenital infection occurs when the pregnant woman is infected and during the parasitaemia Toxoplasma organisms cross the placenta and invade the tissue of the developing fetus. 6 The frequency of transplacental parasite passage is associated with the moment during pregnancy in which infection take place.6 7 The most important factor, enhancing the transmission of parasites to the fetus, is the infection of the placenta. Except at the gestation time, the duration of the mothers' parasitaemia and its severity influence the placental infection rate and thereby the transmission of parasites to the fetus. Overall, 40/o of children born to mothers with seroconversion during pregnancy become infected.8 Other factors influencing the infection rate and clinical presentation should also be taken into account since 60% of infected children are asymptomatic at birth, but frequently develop ocular symptoms during their first 20 years of life.9 It is not known why some infected children develop chorioretinitis while others do not.
The association of HLA antigens and severity of infectious disease was reported in malaria.10 To investigate whether immunogenetic factors are involved in the development of Toxoplasma chorioretinitis, HLA studies have been performed but did not reveal any significant associations.'1-13 Until now, these studies were done in congenitally infected patients whereas their infected mothers were not assessed.
The aim of this study was to investigate whether an immunogenetic predisposition exists in mothers for developing congenital toxoplasmosis in their offspring, and also to find out if a relation exists between the severity of congenital toxoplasmosis and this eventual immunogenetic factor.
Materials and methods
We performed HLA-A, HLA-B, HLA-C, and HLA-D locus typing in 47 mothers of patients with ocular toxoplasmosis and HLA-A, HLA-B, and HLA-C typing in 52 patients with ocular toxoplasmosis (children of the above mentioned mothers). In five mothers HLA typing could not be performed because of technical reasons: four blood samples could not be tested because of sample handling mistakes, and one mother withdrew from the study; thus 47 mother-patient pairs were analysed.
The 52 patients with ocular toxoplasmosis included two groups: (1) I or a error) . The correction is performed by multiplying the exact p value with the number of antigen frequencies tested (in our study, X80). The level of significance is then evaluated according to the following scheme: 0 05> p>0 01 is probably significant; 0 01> p>0001 is significant; and p<00001 is highly significant.
The diagnosis of ocular toxoplasmosis was based on the clinical picture of focal chorioretinitis and typical appearance of atrophic pigmented scars.4 All patients were positive for circulating anti-toxoplasma antibodies. All patients from group 1 received an aetiological screening for uveitis including HLA-B27 typing, serological tests for syphilis, serum angiotensin converting enzyme, serum lysozyme, and chest x rays. All results were within normal range. The diagnosis of severe congenital toxoplasmosis of the patients in group 2 was based on seroconversion of the mothers during pregnancy (three patients), persisting positive anti-toxoplasma titres of the neonates (six patients) and the clinical presentation with ocular and neurological symptoms in all 10 patients. The diagnosis of the neurological disease (group 2) was based on the clinical picture: all had psychomotor retardation and epilepsy. Six of the 10 patients with severe congenital toxoplasmosis had intracranial calcifications and eight of the patients had a microcephalus or hydrocephalus.
To determine the severity of the ocular disease, all 52 patients were subdivided according to unilateral or bilateral involvement and peripheral or macular localisation of the scar.
Results
HLA antigen frequencies of the mothers of patients with ocular toxoplasmosis and controls are given in Table 1 ; no specific HLA antigen association was observed in the group of mothers of patients with ocular toxoplasmosis compared with the controls after correction of the p values for the number of antigens tested.
We found a total absence of the HLA-B51 antigen in 47 mothers of patients with ocular toxoplasmosis (groups 1 and 2) . The frequency of the HLA-B5 1 antigen in the control group is approximately 10% (exact p value 0-036). Calc-ulation of the sample size needed to obtain significant results after correction for the number of antigens tested indicated that we would have had to test approximately 150 mothers of patients with ocular toxoplasmosis and that all the tested individuals should also Table 2 . No association between any specific HLA antigen and ocular toxoplasmosis was observed. The HLA-B15 antigen and particularly the subtype HLA-Bw62 antigen showed an increased frequency when compared with controls, and was associated with a low relative risk (Table 2) .
In patients with ocular toxoplasmosis, but without neurological symptoms (group 1), the frequency of the HLA-B7 antigen was decreased with a low relative risk (Table 3 ). In 10 patients with severe congenital toxoplasmosis including neurological abnormalities (group 2), an increased frequency of the HLABw62 antigen was observed (Table 4) .
When all the 52 patients were subdivided according to (1) unilateral or bilateral ocular involvement (14 patients of group 1 and all the 10 patients of group 2 had bilateral ocular involvement); and (2) the central or peripheral localisation of the retinal scars (macular localised toxoplasmic scars were present in 26 patients of group 1 and in all the patients of group 2). We observed an increased frequency of the HLA-Bw62 antigen in patients with bilateral ocular involvement (p=0 007, Table 4 ) and with macular localisation of the toxoplasmic scars (p=0-006, Table 4 ). Furthermore, an association of the HLA-Bw62 antigen and severe congenital toxoplasmosis was noted (p=0 009, Table 4 ). After correction of the exact p values for the number of HLA antigens tested (80), the observed deviations did not reach a level of significance.
Discussion
In our study we found no specific HIA antigen phenotype association in 47 mothers of patients with ocular toxoplasmosis, predisposing for developing congenital toxoplasmosis in their of offspring.
The absence of maternal immunogenetic factors in the development of toxoplasmosis in the offspring may be due to confounding factors in the study design employed. The main factors determining maternal-fetal transmission of infection and severity of the clinical manifestations are dependent on the gestation.6 7 The chance of transplacental infection increases by trimester. The study design as performed here did not take these issues into account since the gestation at which primary maternal infection and the subsequent fetal infection took place are extremely difficult to measure in a retrospective study. Furthermore it cannot be excluded that some of the cases may have had acquired rather than congenital infection. Current estimates of ocular toxoplasmosis in the Netherlands, however, indicate that less than 5% of cases are expected to be acquired as based on serological analysis. 13 We observed an absence of the HLA-B51 antigen in 47 mothers of ocular toxoplasmosis patients, which is in accordance with earlier studies of Bertrams The HLA-B5 1 antigen is a part of the HLA-B5 complex. In 1973 an association between Behcet's disease and the presence of the HLA-B5 antigen was found.9 The absence of the HLA-B51 antigen could suggest a protective function of the antigen, but clearly further studies are needed to clarify this phenomenon. At least two genes, one within the major histocompatibility complex, have been identified in a murine model of toxoplasmosis, which strengthen our hypothesis that immunogenetic factors are involved in this infectious disease. 15 An increased frequency of the HLA-Bw62 antigen, a subtype of the HLA-B 15 antigen, was observed in patients with severe congenital toxoplasmosis and in patients with severe bilateral ocular involvement with macular localisation of scars. It seems that severe ocular involvement in congenital toxoplasmosis may be associated with the HLA-Bw62 antigen.
Earlier studies by Nussenblatt et al who performed HIA typing in 38 ocular toxoplasmosis patients reported a two to threefold increased frequencies of the HLA-A29, Cw7, Dr3, Drw8, Drw52, Dqwl, and Dqw2 antigens, which did not appear to be of clinical or prognostic value according to the authors.11 In the latter study no correction was made for the number of HIA antigens investigated to compensate for the type I error in the statistical analysis.
In conclusion, we did not find a positive HLA antigen association in mothers ofpatients with ocular toxoplasmosis for developing congenital toxoplasmosis in their offspring. Neither did we find an association of the patients with ocular toxoplasmosis with any HLA-antigen, except a possible association of the severity of ocular involvement and the presence of the HLA-Bw62 antigen.
At present, no precautionary measures based on HLA typing either in pregnant women or in patients with ocular toxoplasmosis can be recommended.
